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GRAND CHALLENGES
The twenty-first century is marked by mul-
tiple unprecedented environmental chal-
lenges that could threaten human sur-
vival. The combined impact of climate
change, energy and water shortage, envi-
ronment pollutants, shifting global popula-
tion demographics, food safety, and grow-
ing disease pandemics, all place undue
stress on the planet’s food system, already
in a sensitive balance with its ecosystem.
These threats, natural or man-made, oblig-
ate the scientific community to proactively
seek new breakthrough food and nutri-
tion solutions to insure global food sus-
tainability and nutrition security in the
future. To achieve this, innovative solu-
tions need to be considered throughout
the whole food chain inclusive of food
choices and dietary patterns in order to
make any significant improvements in
the food supply, nutritional, and health
status.
Any changes to the food supply will
inevitably impact food, nutrition, and
health policies, particularly pertaining
to food production, agricultural prac-
tices, dietary patterns, nutrition, and
health guidance and management. Climate
change, droughts, and floods have exac-
erbated concerns related to land availabil-
ity for agriculture usage, animal and crop
production, as well as quality and yield.
The resulting effect of energy shortage has
directed attention to bio fuel as an alter-
nate source of energy, particularly from
crops such as corn and oil seeds. This
sets the stage for an added competitive
demand for crops being used as fuel in
addition to food and feed. As a result,
there is an urgent need to find alterna-
tive solutions to improve the efficiency
and sustainability in the food supply chain
by reducing food waste and enhancing
nutritional qualities of foods through
fortification technologies (i.e., biofortifica-
tion and chemical fortification).
Another area receiving increasing
research interest is food safety. The pres-
ence of chemical contaminants in the
food chain, such as PCB and dieldrin,
is particularly troubling. In addition,
the emergence of new food pathogens,
particularly viruses, as well as the re-
emergence of known food pathogens, have
captured considerable research attention.
For example, alteration to diet pattern
and nutrition affect microbial population,
with consequential effect on the immune
system, disease pathogenesis and health
(1, 2). To elucidate microbiome inter-
actions with food, nutrients, and food
substances, and their potential involve-
ment in disease ecology, novel approaches
adapted from various disciplines are
needed.
The United Nations projected that by
2050 the world population would reach
9.6 billion (3). The 60+ adult population
will constitute 19% (2 billion) and 27% (3
billion) of world population by 2050 and
2100, respectively. There will be propor-
tionally more women than men in the 60
and 80+ age groups by 2050 (4). Concomi-
tant with the aging trend is the increase
in the number of older adults with men-
tal and physical disabilities (5). These facts
necessitate new solutions to address pri-
mary and secondary prevention care and
geriatric research. For the first time, the
major cause of global deaths (36 million
or 63%) will be from non-communicable
diseases (NCD) instead of infections. Four
categories of NCDs account for 80% (20
million) of global mortality causes: car-
diovascular disease, cancer, diabetes, and
chronic respiratory diseases (6). The World
Health Organization estimates that over
20 million deaths can be prevented by
reducing the exposure level to key mod-
ifier risks such as unhealthy diets, physi-
cal inactivity, tobacco, and alcohol use (7).
Thus far, obesity, hypertension, cardiovas-
cular diseases, and diabetes continue to
pose significant risks at pandemic propor-
tion. Of further concern is the growing
number of children who are overweight
and at risk of obesity, sedentary behavior,
and early onset of type 2 diabetes. Taken
together, obesity, sedentary behavior, diet-
related diseases, such as cancer, cardiovas-
cular diseases, strokes, mental health prob-
lems, chronic malnutrition, and maternal-
infant health represent areas of growing
concern and research challenges.
STALEMATE IN HEALTH-POLICY
IMPLEMENTATION
To address the emerging food and health
issues, countries have issued national food,
nutrition, and health guidelines and reg-
ulations. Unfortunately, in spite of this,
many of these food and nutrition guide-
line goals remain unmet. An example is
the United States Dietary Guidelines for
Americans, issued first in 1980. Since then,
seven Dietary Guidelines (DGs) have been
issued; the latest released in 2010 (8).
The DGs contain dietary recommenda-
tions for Americans for balanced nutri-
tion and optimal health. They include, for
example, recommendations to reduce the
intake of dietary sodium, cholesterol, sat-
urated fats, and sugars, while increasing
the consumption of whole grains, vegeta-
bles, and fruits, as well as low fat dairy
products. Yet after 30 years, recommen-
dations for sodium, saturated fats, veg-
etables, fruits, and whole grains remain
unmet.
A reduction in sodium intake remains
particularly challenging due to the versatile
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role sodium chloride plays in food func-
tionality, palatability, and health. The basic
understanding of salt taste mechanisms
and the physiology of sodium homeosta-
sis in humans continues to be an active
area of research and has impeded advances
in the development of optimal and versa-
tile salt reduction technology tools for food
products. On the other hand, efforts to
reduce fat and cholesterol intake have been
more successful, with technologies having
advanced sufficiently to develop products
that meet both consumer taste and value
expectations. However, this process took
more than 20 years!
Important lessons learned from these
findings: guideline recommendations that
precede food technology capability will
face considerable challenges of meeting set
goals; even if a technology is available,
time and research investments are needed
to apply the technology to multiple food
systems and categories; the need to under-
stand basic mechanisms of food substance
interactions is important to enable spe-
cific and widespread applications of rel-
evant technologies; consumer acceptance
of foods is critical to the success of any
set of recommendation guidelines; suffi-
cient time is needed to allow consumers
to change their food and dietary behav-
ior; multidisciplinary experts from all sec-
tors, with research and application experi-
ence in food science and technology, nutri-
tion, medicine, consumer behavior, eco-
nomics, etc., should be part of the recom-
mendation deliberation to ensure imple-
mentation and long term compliance and
success.
NEED FOR RESEARCH INVESTMENT AND
SCIENTIFIC INTEGRATION
In 2011, the Foresight Report (9) con-
cluded that “Investment in research on
modern technologies is essential in light
of the magnitude of the challenges for
food security in the coming decades.”
The complexity of the issues necessitates
the development, application, coordina-
tion and sharing of integrated research
approaches, and solutions across disci-
plines. Over the past decades, many dif-
ferent technologies and methodologies
have been adapted from various disci-
plines that are now being applied to food
and nutrition research. These technologies
include nanotechnology, bioinformatics,
genetics, chemical and biofortification, -
omics, decision-analysis science, big-data
analyses, risk assessment and management
frameworks, neuroscience, optics, photon-
ics, and neuroimaging.
SETTING FOCUS AND PRIORITY AREAS
The scope of the challenges is daunt-
ing and the path forward can be con-
fusing in absence of a clear focus and
set priorities. In 2010, the Institute of
Food Technology (10) narrowed the focus
in health and wellness to personalized
nutrition, molecular biology, and micro-
bial ecology. The American Society for
Nutrition (11) and others (12) identified
several priorities for nutrition research:
individual variability in response to diet
and foods; early nutrition needs for repro-
duction, growth, development; nutrition
in health maintenance; nutrition in med-
ical management; understanding nutrition
related behaviors; understanding the food
supply/environment. There are also more
specific research areas to target including
variability of living systems (e.g., micro-
biome, biological networks, tissue speci-
ficity); optimal function and energy bal-
ance; disease progression and care for sub
populations; drivers of food choices; nutri-
tion and brain functions and imprinting;
drivers of food choices; composition of
novel ingredients. And finally, there are
suggestions to consider cross-disciplinary
tools/approaches such as -omics, bioinfor-
matics, databases, biomarkers, and cost-
effective analyses.
Perhaps the most comprehensive path
to building a future framework template is
best summed up in the European Technol-
ogy Platform report “Food for Life Strate-
gic Research and Innovation Agenda” (9).
The report reflects the European 2020 and
beyond vision, which provides an inte-
grated role of food science, nutrition, and
consumer sciences. From this vision, three
key challenges emerge: improved health,
wellbeing, and longevity (“Life to years”);
consumer trust in the food chain; sus-
tainability. To gain consumer confidence
in food products and the food system,
powerful concepts for high-quality prod-
ucts with new properties/functionalities
have been developed. These concepts aim
at achieving preference, acceptance, and
fulfilling the needs of the consumers via
gentle processes, including, for example,
the PAN concept and the reverse engi-
neering concept. Another important aim
is to describe the physiological impact
of changes in food structures in the
context of process–structure–functional
property relationships in order to pre-
vent deleterious changes, which negatively
affect product quality, nutrient bioavail-
ability, and functionality (www.fooddrink
europe.eu).
FRAMEWORK FOR MEETING THE GRAND
CHALLENGES IN NUTRITION AND FOOD
SCIENCE TECHNOLOGY
Based on these findings and considering
the grand challenges related to food and
health, future developments in nutrition,
food science, and technology need to focus
on the following points:
Food, nutrition, and health
• role of food and nutrition throughout
life cycle in support of optimal health
and improvement of quality of life
• maternal-child and geriatric nutrition
• role of food and nutrition in disease
etiology and management
• understanding individual variability in
response to food and system biology
variability and implications for setting
guidelines
• advancing nutrigenomics and address-
ing personalized nutrition for optimal
health.
Food system and technology
• food and water security and safety
• energy management of foods (fighting
hunger as well as obesity)
• increasing sustainability within the food
chain including food loss and food
waste reduction
• addressing challenges of climate change
• providing food concepts for an aging
population and for personalized nutri-
tion (or at least for specific target
groups)
• regaining consumer trust in the food
supply
• improving existing and providing new
functions/properties of foods via tar-
geted processing (“tailor-made foods”)
• developing better tools for process con-
trol and development
• integration of the food chain
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• involving food science and technology
experts from all sectors at early discus-
sion stages and deliberations on food,
nutrition, and health guidelines
These challenges for nutrition and
food science technology can only be
met through integrating disciplines, and
through active interactions, collaborations,
and partnerships.
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